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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause
serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using
laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and
phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes
in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant
decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day
tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most
profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue
fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses
suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
Keywords: TNT, bioaugmentation, biostimulation, phytoremediation, microbial community.
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Bartkevičs, V.; Juhanson, J.; Muter, O. 2013. Microbial community changes in TNT spiked soil bioremediation trial
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Introduction
The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),
has been extensively used for over 100 years, and this
persistent toxic organic compound has resulted in soil
contamination and environmental problems at many
former explosives and ammunition plants, as well as
military areas (Stenuit, Agathos 2010). TNT has been
reported to have mutagenic and carcinogenic potential
in studies with several organisms, including bacteria
(Lachance et al. 1999), which has led environmental
agencies to declare a high priority for its removal from
soils (van Dillewijn et al. 2007).
Both bacteria and fungi have been shown to
possess the capacity to degrade TNT (Kalderis et al.
2011). Bacteria may degrade TNT under aerobic or
anaerobic conditions directly (TNT is source of carbon
and/or nitrogen) or via co-metabolism where addi-
tional substrates are needed (Rylott et al. 2011). Fungi
degrade TNT via the actions of nonspecific extracel-
lular enzymes and for production of these enzymes
growth substrates (cellulose, lignin) are needed. Con-
trary to bioremediation technologies using bacteria or
bioaugmentation, fungal bioremediation requires
an ex situ approach instead of in situ treatment (i.e.
soil is excavated, homogenised and supplemented
with nutrients) (Baldrian 2008). This limits applicabil-
ity of bioremediation of TNT by fungi in situ at a field
scale.
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use of bi test data for WEa and pollution permit 
limit in Europe, usa and canada. Histo ically, chemi-
cal analysis of effluents or wastewaters (WW) was more 
developed than biotesting in many European countries. 
Consequently, permit limits for WW were based on in-
dividual constituent chemical permit limit, i.e. concentra-
tions measured by analytical methods (AA or GC), and 
recognized as toxic from individual chemical toxicity 
testing. As the EU Wat r Framew rk Directive specified 
good biological and chemical status of receiving w ters 
in EU states, both types of analyses were us d in the EU 
in WW monitoring (Directive 2008/105/EC; Europea  
Union 2010a). 2007 OSPAR Report (and guidance docu-
ment of OSPAR Commission) on WEA presented acute 
test protocols, which were used in different EU countries. 
Additionally, nine tests were recommended for freshwa-
ters and seven tests for marine or brackish waters (OSPAR 
Commission 2007). 
In different EU countries, organizations and com-
panies, e.g. Concawe (CONservation of Clean Air and 
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abstract. This diverse review discusses biotest species and results scoring systems, which were applied to aquatic 
toxicity assessment of effluents/wastewat r (WW) and landfill l achate (LL). European and American aquatic toxic-
ity testing is reviewed. An example of Lithuanian research data on LL biotesting with aquatic organisms of different 
phylogenetic and ontogenetic levels is prese ted. Acute toxicity WW and LL is assessed on the basis f (L(E)C50, 
acute Toxic Units (TUa), pT values, and, by applying different simple result scoring systems or toxicity thresholds. 
The differences in legislation and recommendations for biotest application in WW and LL aquatic toxicity testing are 
compared. It is concluded that WW and LL lowest acute toxicity data (TUa value 0.3) should be considered equally as 
risk to aquatic environment, and technical management decisions should be made. The universal features of toxicity 
scoring systems, the problems of inventory of old small landfills and cost effective approach are discussed.
keywords: water pollution, aquatic toxicity, landfills, environmental management. 
Introduction
classification systems for the toxicity of wastewaters, 
surface waters: publications in Europe, usa and cana-
da. Bulich (1982) proposed one of the first aquatic bioassay 
scoring systems. Thereafter, a variety of standard ecotoxicity 
tests and test batteries were used in Europe and America. 
These included variety of different systems of classification 
and toxicological data ranking. Certain recommendations 
for classification were presented in US EPA, SETAC, HEL-
COM, and other publications (Tonkes et al. 2005; Huschek, 
Hansen 2006; Hansen 2007; HELCOM LAND 2007). Other 
systems were reported in collective publications of research-
ers (Blaise, Férard 2005) or resear h articl s ontaining 
substant al rev ews (Ronco et al. 2005; L bralato et al. 2010; 
Zh ng et al. 2012). Short term tests and differe t systems of 
classification were applied both for Whole Effluent Toxic-
ity (WET) testing and Whole Effluent Assessment (WEA), 
(Blaise, Férard 2005); and also, for ambient and in situ sur-
face water quality (SWQ) testing (Den Besten, Munawar 
2005; Palma et al. 2008). 
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Water in Europe) and e.g. Arkema (a French multina-
tional chemical producer), the biological species used in 
most protocols are: i) bacteria Vibrio fischeri, marine spp. 
(Belgium, Southern Ireland, Portugal, Germany, Nether-
lands, Sweden, UK, Arkema, Concawe), ii) algae Pseu-
dokirchneriella subcapitata (Belgium, S. Ireland, Portugal, 
Netherlands, Sweden, UK, Arkema, Concawe), iii) algae 
Scenedesmus subspicatus, freshwater spp. (Germany), iv) 
algae Skeletonema costatum, marine spp. (S. Ireland, UK), 
v) crustacean Daphnia magna, freshwater spp. (Belgium, 
S. Ireland, Portugal, Germany, Netherlands, UK, Arkema, 
Concawe), vi) crustacean Nitocra spinipes (Sweden, Con-
cawe), vii) crustaceans Tisbe battagliai and Acartia tonsa, 
marine spp. (S. Ireland, UK), viii) fish Oncorhynchus 
mykiss (Belgium, S. Ireland, Germany), ix) Danio rerio 
fish egg test (Germany), x) water plants – Lemna minor 
(Portugal), (OSPAR Commission 2007). In various coun-
tries, different systems of WET or WEA biotest data were 
applied as an alternative to a chemical approach (and/or 
permit limits). The MATC – Maximum Acceptable Toxi-
cant Concentration [MATC = geometric mean of NOEC × 
LOEC] is used for WW accepting water bodies in USA; 
Toxic Units – in USA and widely in European countries. 
In 2005, Germany started to use Lowest Ineffective Dilu-
tion (LID), (Federal Ministry for... 2004).
attempts towards the harmonization of WET and 
WEa biotesting, and ranking systems. What changes 
appeared in the recommendations of HELCOM for WET 
evaluation and WEA after 2007? Based on COHIBA 
(Control of Hazardous Substances in Baltic Sea Region) 
Project results, HELCOM MONAS (Helsinki Commission 
Monitoring and Assessment Group) in 2011 proposed rec-
ommendations for WET and WEA, (monitoring of WW) 
in Baltic Sea region. Different single species biotests (for 
acute toxicity determination), and evaluation of their tox-
icity data (by settling toxicity limits) were recommended 
(HELCOM MONAS 2011). For acute toxicity estimation, 
the following freshwater tests were recommended ac-
cording to EN ISO standards: 1) Daphnia magna immo-
bility test (24 and 48 h), 2) algae growth inhibition test 
(short 48 h version), and 3) luminescent bacteria (15 and 
30 min light inhibition) test (HELCOM MONAS 2011). 
For WEA, additionally, the “test battery” (TB) was rec-
ommended, which included at least 2–3 different trophic 
levels organisms (Fig. 1). The use of only one test species 
was not recommended for unclear sensitivity reasons 
(COHIBA 2012). 
Currently, no single ISO standard method provides 
guidance for the scoring of ecotoxicity test results. Usually 
ISO methods describe how to calculate L/EC50 using a 
Graphical and Probit Method. The exception is guidance 
on statistical interpretation of ecotoxicity data of tests ap-
plied to characterize soils; it recommends test strategies 
for the protection of ground and surface waters (ISO 
17616:2008). As these guidance methods for ecotoxicity 
scoring were under development, different countries de-
veloped the WET and WEA control systems individually. 
Thus, variation of ranking scales and toxicity thresholds is 
substantial [q.v. S. Ireland (Hernan, O’Rourke 2011); Ger-
many (Gartiser et al. 2010); Poland (Mankiewicz-Boczek 
et al. 2008); Portugal (Mendonça et al. 2009); Italy (Tigini 
et al. 2011)]. 
Eu regulations and recommendations for land-
fill leachates biotesting. Contrary to EU guidelines for 
WET testing, recent recommendations for landfill leach-
ates (LLs) and waste testing originated from another – Di-
rective on waste (2008/98/EC; European Union 2010b). 
This Directive lists hazard criteria for waste classification. 
Waste inherent hazardous property H14 – “ecotoxic-
ity” is defined as a “mirror entry” in this EU document 
(2008/98/EC). Furthermore, such classification should be 
based on EU legislation on chemicals, i.e. Council Regula-
tion (EC) No 440/2008, in which for individual chemicals 
and chemical mixtures hazard for aquatic environment is 
defined by phrases H410 – H413. Thus, from an initial ex-
amination, it appears that the same biotesting principles 
are valid for wastes as for chemical substances (Thomas et 
al. 2009). Two types of acute toxicity test batteries (aquatic 
and soil) are proposed for solid waste and LL in Germany 
after 2005–2007 European inter-laboratory comparison 
ring test (Wilke et al. 2008; Moser et al. 2011; Pandard, 
Römbke 2013). Despite the requirement to cover the tra-
ditional three trophic levels with biotest species, the aquat-
ic tests battery for waste testing and hazard classification 
does not include fish (bioluminescent bacteria, algae and 
crustacean tests are proposed). This is contrary to Council 
Regulation (EC) No 440/2008 recommendations where 
fish, but not fast toxicity screening bioluminescent bacte-
ria (V. fischeri) test can be applied for individual chemicals 
and their mixtures testing. Figure 1 indicates that for waste 
ecotoxicity (H 14) characterization, the minimum num-
ber of tests needed is six (three tests per LL (or waste elu-
ate) and three – per solid waste), as the eluate, as well as, 
solid waste tests should be represented (Wuttke, Walther 
2013). This eliminates the value of rapid rather than time 
consuming characterization of waste LL only, especially, 
when such LL, equally as WW, is discharged to aquatic 
environment. More detail examination of these Recom-
mendations (Moser, Römbke 2009; Wuttke, Walther 2013) 
gives evidence of large number recommended tests (≤14, 
including significant number of chronic toxicity) and not 
cost-effective approach for LL urgent characterization. 
This raises the open question – which test species and data 
evaluation systems should be used for LLs? 
Ecotoxicological reseach of toxicants, WW and ll 
in lithuania. Ecotoxicity investigations of various individ-
ual toxicants or their mixtures, WW, LLs were undertaken 
with standard aquatic organisms of different phylogenetic 
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levels (bacterium, crustacean, algae, fish (četkauskaitė, 
Bražėnaitė 2004; Kalcienė, četkauskaitė 2007); and onto-
genetic stages (fish embryos, larvae, adults) (Kazlauskie-
nė, Vosylienė 2008; Svecevičius 2006; Vosylienė et al. 2010; 
Svecevičius, Kazlauskienė 2011; Montvydienė et al. 2014). 
Chemical analysis and biotest battery data based ecotoxi-
cological evaluations of municipal WW from regional 
WW treatment plants of Lithuania cities were implement-
ed in 2007 and 2010 (Manusadžianas et al. 2010; COHIBA 
2012). At present, the centralised ecotoxicity and chemical 
analyses of surface waters, industrial and municipal WW, 
variably treated LL are performed in the laboratories of 
Environmental Research Department of the Lithuanian 
EPA. 
In this work, aquatic toxicity test data scoring sys-
tems are compared and reviewed. Main purposes of this 
review are: i) to present an easily usable unified scheme 
for acute toxicity result evaluation as a summary of 
Fig. 1. Differences in the number of recommended biotests for toxicity testing of WW, LL, and waste 
(including waste eluate). (Source: Scheme was compiled on the basis of comparative analysis of the 
existing literature on 2009–2012 EU Project COHIBA (HELCOM MONAS 2011) and 2005–2007 
European inter-laboratory comparison ring test (Moser, Römbke 2009; Wuttke, Walther 2013). References 
to these ISO standard methods q.v. (HELCOM MONAS 2011; Moser, Römbke 2009; Wuttke, Walther 
2013)
Note: * a different set of basic test battery is represented in Moser, Römbke (2009) and in 2013 
Recommendations of Federal Environmental Agency, Germany (Wuttke, Walther 2013), despite the fact 
that both were based on the same European ring test for the ecotoxicological characterization of wastes.
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intervals of reference TUa values from WW research; ii) 
to demonstrate toxicity ranges and lowest values, when 
samples should be evaluated as toxic; and, iii) to define, 
which acute toxicity values are appropriate to recommend 
for LL or WW treatment. 
1. Materials and methods
Series and monographs related to WET and aquatic toxic-
ity testing (Blaise, Férard 2005; Norberg-King 2005) were 
assessed. Science Direct and Medline searches “on TU (or 
LC50) based ecotoxicity classes (categories)”, “wastewater 
permit limits” and others were performed.
ISO standard documents on biotesting and HEL-
COM guidelines were examined and compared. Experi-
mental articles in the field of WW and LLs toxicity testing 
were analysed.
The acute toxicity of the Kairiai LL (North Lithuania) 
after an incident bund wall overflow was studied at the 
Laboratory of Ecology and Physiology of Hydrobionts 
(Ecological Physiology and Toxicology Sector) of the In-
stitute of Ecology, Nature Research Centre, Vilnius. The 
acute toxicity bioassays up to 96 h duration were carried 
out using different biotests: higher plant – Lepidium sa-
tivum (seed germination), crustacean – Daphnia magna, 
schrimp Thamnocephalus platyurus, fry and fingerling 
(juvenile) fish Oncorhynchus mykiss (Kazlauskienė et al. 
2004; Šaulienė et al. 2004) (Table 1). Experimental fish ac-
climatization, handling, physico-chemical water proper-
ties, fish care and killing were performed in accordance 
with recommendations of EU Commission of 18 June 
2007 (notified under document number C (2007) 2525) 
on guidelines for the accommodation and care of ani-
mals used for experimental and other scientific purposes 
(2007/526/EC). 
Statistical details for the estimation of L/EC50 and 
TUa values can be found in (Kazlauskienė et al. 2004; Sve-
cevičius, Kazlauskienė 2011).
2. review, results and discussion 
2.1. principles of aquatic toxicity classification systems
Over 40 different schemes for the classification of aquatic 
toxicity of chemical mixtures, WW, LLs, sediment porewa-
ter, elutriates were proposed and used in European States, 
USA, and Canada, in the period 1982–2012. For example, 
the principal acute toxicity parameters recommended for 
WET classification are: standard lethality (LC) – LC50, 
LC25, immobilization (IC) – IC25 and even NOEC (Not 
Observed Effect Concentration) of WW, i.e. non-toxic 
effect, for LID or pT values (Gartiser et al. 2010; Krebs 
2005) or other end-points for acute bioassays of 24–96 h 
duration (HELCOM MONAS 2011). In general, systems 
of WET classification are based on several approaches: 
i) comparison of WW samples with clean water controls 
using dilution methods and simple indices, i.e. constant 
dilution factor or per cent of WW volume producing an 
effect; these are determined in diluted samples; ii) using 
threshold(s) or WET Permit limit(s), expressed in acute 
Toxic Units, TUa, [TUa = 100/L(C)50], or chronic Toxic 
Units, TUc, [TUc = 100/NOEC]; and, iii) use of integra-
tion of toxicity (amount or strength), by using WW flow 
rate or toxicity spread area, or by integrating type of toxic-
ity etc. (COHIBA 2010).
first group. Simple scoring systems that use individ-
ual indices or scores of toxicity ranking of WW, sediment 
elutriates, LL fall within following types of data: 
a) dilution factor type data, i.e. lId – defined as 
the reciprocal value of the lowest ineffective con-
centration (NOEC) (HELCOM MONAS 2011); 
LID values were defined as limits for toxicity or 
dilution factor; e.g. for algae – when “no inhibi-
tion >20% is ascertained for higher dilution fac-
tors”; for sediment elutriates, porewater, pT value, 
i.e. negative binary log of the first non-toxic dilu-
tion of WW or sediment elutriate (dilutions are 
performed by factor two) (Krebs 2005); G value – 
lowest dilution factor, when such dilution of WW 
causes no effect on test-organisms in TB (German 
regulatory values) (Latif, Licek 2004).
b) percentage of WW volume, giving certain effect, 
i.e. pE – percentage effect caused by WW volume 
(% WW/v) generating IC50 value in Microtox® test 
(Bulich 1982); or, EC50 value in TB (Tonkes et al. 
1999); it can also represent percentage of natural 
waters, stormwaters, soil percolates volume gene-
rating IC50 in Toxkit based biotests (Ronco et al. 
2005).
c) l(E)c50 based classification for waste (Wilke 
et al. 2008; Pandard, Römbke 2013).
d) Tua (acute toxic units) as an initial, background 
scoring value for indices or scales – for WW 
(HELCOM LAND 2007) and for waste (Lapa et 
al. 2006). Tua based more sophisticated indices: 
avTx – average of toxicity index, i.e. the sum of 
the endpoint values in TUs divided by the maxi-
mum number of possible/used tests (Manusadžia-
nas et al. 2010). Equitox parameter – log10 (100/
EC50) (Vindimian 2005); WET – Whole effluent 
toxicity index, WET = log10 [1 + (n/N) ´ ΣT], 
(where, n = number of positive toxic responses, 
N = number of bioassays used, T – toxic units); 
MsT – most sensitive test index is an integrated 
evaluation of WW toxicity by TB; represents the 
highest TU-score obtained among the tests used 
in the TB (Manusadžianas et al. 2010). 
second group. Simple scoring systems are based 
on the thresholds of indices or indices based scales, or 
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numerical guidelines for the same data types: 
a) Effluent permit limit (Epa emission limit value) 
was assigned by the S. Ireland EPA: <10 TUa, i.e. 
“slightly toxic” or only ≤50% toxic effect can be 
reached after 10 dilutions of WW (if more, further 
action needed) (Hernan, O’Rourke 2011).
b) WW acute toxicity categories (five) classified 
by Irish Shannon Aquatic Toxicity Laboratory 
(SATL) were in more detail, than the permit limit 
of Ireland EPA: i) non-toxic (TU < 3); ii) slightly 
toxic (3–10 TUs); iii) toxic (10–50 TUs); iv) very 
toxic (50–100 TUs) (Hernan, O’Rourke 2011).
c) WET Index Threshold (or Permit limit) is ex-
pressed as follows: a) 0.3 acute toxic unit (TUa), 
and b) 1.0 chronic toxic unit (TUc) (Ronco et al. 
2005).
d) lId – lowest ineffective dilution as a threshold, 
also named T – Toxicity limit value. These values 
for industrial WW at the point of discharge toxic-
ity to fish eggs were usually 2 (sometimes up to 6), 
umu-test 1.5–3, algae test 16, Daphnia 2–8, bacte-
ria 4–32 at 10 (or 20) % effect (HELCOM MONAS 
2011).
e) Tua values based five toxicity classes were pro-
posed for WW and natural waters (TB use of 
data) evaluation: a) no-acute toxicity (TU < 0.4); 
b) slight acute toxicity (0.4 < TU < 1.0); c) acute 
toxicity (1.0 < TU < 10); and, d) high acute toxici-
ty (10 < TU > 100), very high acute toxicity (TU > 
100), (Ronco et al. 2005); more simple version was 
used for waste leachates (Lapa et al. 2006). 
f) Threshold toxicity (acute and chronic) value for 
Toxicity identification evaluation (TIE) of efflu-
ent (WW) toxicant is >1.2 TU (giving 95–100% 
success for toxicant identification); <1.2 TU – 
minimal WW toxicity strength (for WW, which 
are typically toxic only at full strength) (Goodfel-
low, McCelloh 2005).
g) Ec50 and WW dilution based threshold: If EC50 
is ≤ the concentration in a 10% dilution of waste 
eluate (leachate), then a distinct negative effect is 
observed (potentially harmful substance in waste) 
(Pandard, Römbke 2013).
Third group. More complex scoring systems have 
more sophisticated, derived and complex indices, based 
on: 
a) Integration of toxicity amount using WW flow 
rate ETI – effluent toxicity index, derived applying 
PLS (Partial Least Square) regression for TB data 
and effluent flow rate (Vindimian 2005). 
b) Integration of toxicity strength, persistence and 
specificity in trophic chain – Tp – toxic print is 
WW (effluent) characteristic; it is calculated by 
multiplying average toxicity AvTx and coefficient 
n (real number of tests which indicated (geno)
toxic results). pEEp index – potentially ecotoxic 
effect probe, calculated value reflecting eco-
toxicity of WW, their persistence and flow rate 
(Manusadžianas et al. 2010) or WastePEEP in the 
WASTOXHAZ procedure (Férard, Ferrari 2005).
c) Edar – effect dilution average ration index 
(Ronco et al. 2005).
d) Methods integrating types of toxicity (or com-
paring dependence of relations) – WTI – WW 
toxicity index based on MSD (Minimum Signifi-
cant Difference value for deriving Toxicity thresh-
old) (Libralato et al. 2010). 
Comparison of preliminary experimental data within 
the first group of indices of simple scoring systems can as-
sist researchers or monitoring institutions laboratories in 
their further choice of testing, TB or TIE steps. 
Examples presented in the second group show that 
Permit limits for WW, equally as definitions of what is “very 
toxic”, vary substantially among different systems of evalua-
tion in different countries. Such differences must be resolved. 
Third group extended analytical methods and math-
ematical apparatus bearing methodologies are hardly suit-
able for routine every day work with substantial numbers 
of samples in department laboratories of monitoring insti-
tutions; they also create difficulties for understanding by 
municipality decision makers. 
For pollution evaluation purposes, simple toxicity 
scoring systems and thresholds are valuable for following 
pragmatic reasons: a) less sampling/labour intensity, when 
there is no need to cover exposure time and/or hazard 
area evaluation; b) less special mathematical processing 
in obtaining results; c) easier application for monitoring 
institutions or department laboratories of routine testing 
(samples will be sent to large regional laboratories); d) eas-
ier understandable for non-specialists members of society 
or municipality decision makers. 
2.2. WET testing and ranking in lithuania 
2.2.1. WET classification systems in Lithuania
During the period 1996–2011, the systems of the evalu-
ation of effluent acute toxicity were based on following 
factors: 
 – WET evaluation performed on the basis of com-
parison of non-toxic clean water controls with 
diluted WW; acute toxicity (LC50, EC50, IC50, 
LT50) values were calculated on the basis of differ-
ent dilutions of WW and LLs (Kazlauskienė et al. 
2004; Vosylienė et al. 2010). 
 – Ranking of acute toxicity of WW and LLs was 
achieved using TUs approach (Šaulienė et al. 2004; 
Manusadžianas et al. 2010), or applying other scoring 
systems (MST, AvTx) (Manusadžianas et al. 2010). 
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It is indicated, that the majority of studies, perfor-
med throughout this period, had no wider comparison of 
experimental data with different toxicity indices and/or 
thresholds (Fig. 2). 
2.2.2. Toxicity evaluation according individual toxicity 
scoring schemes and thresholds: an example of LL of 
Kairiai landfill (Lithuania) 
Comparison of the Kairiai LL data (TUa units) with 
different TU-based aquatic toxicity scoring systems is 
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presented in Table 1. According to L(E)C50 data, the sen-
sitivity of test organisms to leachate is indicated in follow-
ing sequence: Oncorhynchus mykiss fry > Thamnocephalus 
platyurus > Oncorhynchus mykiss fingerling > Daphnia 
magna  > Lepidium sativum (roots). LC50 of LL to fish 
fry comprised 3.0% and was comparable to T. platyurus 
LC50 – 3.22%. These data confirmed the sensitivity of fish 
to toxicants at early stages of development and low sensi-
tivity of plant biotests. When the toxicity of the medium 
is high, all test organisms exposed demonstrated similar 
high toxicity levels. O. mykiss fry was much more sensitive 
(TUa = 33.3) than fingerling (TUa = 23) and these values 
significantly exceeded HELCOM MONAS (2011) recom-
mended acute toxicity limit value for fish (TU = 2). Data 
obtained with D. magna (TUa = 11.3) were closer to the 
COHIBA (2012) recommended limit value for Daphnia 
test is TUa = 8. The significant sensitivity of shrimp T. 
platyurus biotest that corresponded to data obtained for 
tested effluents in COHIBA (2012) is noted. 
2.2.3. LL data evaluation using groups of toxicity scoring 
systems, toxicity limit values and toxicity threshold groups
In the TUs based scale, it is possible to compare the ranges 
of WET, waste (including LL) by using acute toxicity (or 
hazard) classification schemes and groups of the different 
toxicity thresholds defined toxicity limit values (Fig. 2). 
The resulting picture gives evidence that ranges indicat-
ing what is toxic (0.3–10 TUs) are overlaping in different 
schemes, thresholds and toxicity limit values. Additionally, 
it clearly indicates that the Kairiai LL test data: a) exceed 
different acute toxicity thresholds (0.3, 0.4, 1.0, 1.2 TU); 
b) significantly exceed HELCOM recommended acute 
Table 1. An example of the sensitivity of test organisms of different phylogenetic level and ontogenesis to Kairiai LL* in acute 
toxicity tests 
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Notes: n.a. – not applicable; n.d. – not determined. 
* Kairiai landfill is located 5 km east of Šiauliai city, Lithuania (55° 55′ 42.7′′, 23° 23′ 42.81′′, WGS). Incident bund wall overflow 
through surrounding channels reached local creek and Ginkūnai pond (2004). 
** These L(E)C50, % primary data are presented with permission from Authors and Publishers from following source: Šaulienė et al.  
(2004).
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toxicity limit values; and, c) represent “toxic” and “ex-
tremely toxic” ranges in scoring schemes. This compari-
son of different toxicity scores systems together with data 
of interest in TU range can assist for preliminary defini-
tion of sample toxicity when such WW or LL is discharged 
to aquatic environment. Moreover, analysis of scoring/
threshold data indicated a requirement to implement 
strict toxicity scoring system with low level of acute TU 
values for category „toxic“ (i.e. mainly 0.3–2 TUa). Thus, it 
is proposed that samples of WW and LL should be consid-
ered equally as toxic starting from a TUa value 0.3.
2.3. different universal features of certain toxicity 
scoring systems 
More recently, there appeared another important feature 
of aquatic toxicity data scoring systems – their universal-
ity. The same values based scoring systems are used for 
different origin aquatic samples:
1) pT-values based classification, applied for WWs 
(Krebs 2005), was used also for sediment materials 
(porewater, elutriates, extracts, and solid phases); 
2) TU based acute toxicity classes initially were pro-
posed for waste dumps and WW; later these were 
used for aquatic toxicity evaluation (Sauco et al. 
2013), with microbiotests in many countries for 
different environmental samples: natural waters 
(Greeley et al. 2011), WWs (Kontana et al. 2008; 
Carbonell et al. 2010); soils, sediments, wastes, bi-
otoxins, etc. Alternatively, TU based classes were 
used in municipal solid waste (MSW) incineration 
bottom ash toxicity evaluation (Lapa et al. 2006; 
Tsiridis et al. 2012); 
3) Potential Ecotoxic Effect Probe, PEEP index was 
used for WET, integrating TB data (TU form), 
persistence and WW flow rate (Q), was later mod-
ified (without Q, etc.) and also applied as Waste-
PEEP for LLs ecotoxicity scoring (Férard, Ferrari 
2005). 
Universality of aquatic toxicity data scoring systems 
is also reflected in their application to tests performed 
with different species. pT-values based scoring system 
was initially (1987/1988) proposed for the V. fischeri bio-
luminescent test use only. Later, it was expanded to scor-
ing data of the tests with algae, daphnids, fish (Zha, Wang 
2006) and genotoxicity test results (Krebs 2005). 
2.4. use of fish test for WW and ll toxicity testing
Different positions exist regarding fish tests used in waste 
and LLs toxicity testing. Fish tests were not included into 
2013 recommendations (ethical considerations) from a 
2007 EU ring test of solid waste  (including waste leachate) 
classification, identification and basic characterization be-
cause of “animal protection reasons and the large quantity 
of eluate needed” (Pandard, Römbke 2013). Contrary to 
this position, the review on species used in the period 
1983–2003 showed that fish tests were applied for evalua-
tion of waste LLs (Férard, Ferrari 2005). Aquatic biotests 
were recommended for testing of substances and mixtures 
in the Council Regulation (EC) No 440/2008 where fish 
tests were included. Fish embryo (non-protected life stag-
es) toxicity tests were recognized as suitable in Interna-
tional Workshop 2008 on fish protection in scientific test-
ing (Embry et al. 2010). Fish tests were used in 2009–2012 
EU Project COHIBA (HELCOM MONAS 2011). Fish 
tests were also used for MSW and MSW incineration ash 
toxicity evaluation (Stiernström et al. 2011). 
2.5. problems of environmental inventory  
of old small landfills 
The significant amount of scientific, regulatory, techno-
logical, and environmental problems exist today for waste 
landfills hazard inventory and LLs aquatic toxicity control 
(Fig. 3). It is realistic to note, that, in the former Soviet 
Block EU States (fSvBEUS), there exist old MSW landfills 
from years 1960–1990 (without MSW incineration ash), 
where the large volume of naturally occurring LLs remains 
a problem. As there are at least 126 (small) landfill sites in 
Northern Lithuania, it is not unreasonable to deduce that 
there are >1000 such sites in the fSvBEUS. For example, 
according to implementation of waste management proj-
ects plans, supported by EU, 116 out of 126 small local 
landfills were closed in North Lithuania regions (Deci-
sion of Šiauliai Regional Development Council (Šiaulių 
Regiono Plėtros Taryba 2012)). However, contrary to new 
MSW big landfills, small regional landfills which were 
closed with minimal technical facilities (drainage, cover, 
etc.) should be evaluated and, perhaps, will be waiting 
best available technologies (BAT): high density polyethyl-
ene bottom lining, reverse osmosis (RO) filtration of LL, 
gas collection systems, etc. As it is not economically viable 
to transfer the content of small landfills to modern new 
landfills with BAT, this serious problem should be incor-
porated into the Agenda for EU Environment Directorate.
Studies on the effect of leachate from a landfill to the 
underground water (often used for extraction for potable 
water; or, discharged to rivers) of the surrounding area 
demonstrated that underground water quality has been 
compromised by such leachate (Vasarevičius et al. 2005; 
Hossain et al. 2014). This potential public health hazard 
to potable water resources cannot be ignored. The land-
fills could remain a permanent pollution sources for long 
periods of time after closing (Pablos et al. 2011; Klauck 
et al. 2013). For example, physico-chemical investigation, 
phytotoxicity testing and use of battery of biotests (leech, 
crustacean and fish) showed that the Kairiai landfill clo-
sed in 2007 remains a serious source of long-lasting pollu-
tion, which adversely affects the neighboring water bodies 
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(Svecevičius et al. 2013; Montvydienė et al. 2014). Such 
problems can be potentially even worse when leachates 
are percolating into trans-boundary Rivers (i.e. Nemunas 
River rises in Belarus and the final reaches are shared with 
Russia). 
Various methods (biological, physical and chemical) 
in fSvBEUS, especially Romania and Poland are described, 
applied and proposed for treatment of leachate for redu-
cing environmental risk (Białowiec et al. 2007; Kulikows-
ka, Klimiuk 2008; Şchiopu, Gavrilescu 2010; Şchiopu et 
al. 2012) and even cost-effective methods using anthro-
pogenic soils rehabilitation through phytoremediation 
(Cretescu et al. 2013). Treatment of the leachates is costly. 
Şchiopu et al. (2012), (Romania) proposed the use of RO. 
Whilst it is efficient, these Authors does not advice how 
to dispose of the RO concentrate (solute) pragmatically. 
Concentrate treatment in WW treatment plants could be 
not possible because of heavy metals or thiourea (caus-
ing nitrification and other sewage works problems). It 
should be noted, that new recycling technologies (heavy 
Fig. 3. Pollution of aquatic environment caused by wastewaters and landfill leachates: related problems and multiple evidence of 
requirement for strict aquatic toxicity scoring and control of emissions (more widely in Review, Results and Discussion section)
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metal bio-mining, combustion gas collection, ethanol 
production from bio-waste, etc.) are waiting to be applied 
to waste landfill sites. Otherwise, this growing amount of 
waste will exacerbate environmental, social, and economic 
problems (Fig. 3).
2.6. Waste and ll biotesting: ecotoxicity criteria, 
recommendations, and problems  
of cost effective approach 
The characterization of hazard of small regional landfills 
falls into criterion H15 apart of H14 of WFD 2008/98/EC: 
“H15. Waste capable by any means, after disposal, of yield-
ing another substance, e.g. a leachate, which possesses any 
of characteristics listed above”. Thus, despite the size and 
closure status, regional municipal solid waste landfills haz-
ard criteria (primary H14, H15) should be resolved with 
appropriate test methods. To re-iterate, it is obvious that 
different EU Directives are applied to water, WW and 
waste (including LLs), (European Union 2010a, 2010b). 
Consequently, different recommendations for water, WW 
and waste (including LLs) acute toxicity testing and data 
scoring were elaborated and accepted (q.v. Introduction). 
As mentioned in Introduction, two types of acute toxicity 
test batteries (aquatic and soil) were proposed for waste 
and LL in Germany after 2005–2007 European inter-lab-
oratory comparison ring test (Moser et al. 2011; Wuttke, 
Walther 2013). The aforesaid collectively creates a situa-
tion that for aquatic toxicity testing of WW, waste, LL is 
proposed costly, multiple biotesting, including: multiple 
species, acute and chronic tests (for water and soil envi-
ronment) and different scoring systems. Finally, if legally 
enforceable in EU, these should be accepted for practical 
use in and will place a financial burden on local munici-
palities or EPA branch laboratories of EU states, including 
developing countries with limited resources. Alternatively, 
the experience of >30 years of test use, species selection, 
data scoring systems for toxicity assessment of water en-
vironment (WW, surface water, aquatic life) is much more 
abundant than waste (including leachates) testing. This ex-
perience should be used, and recommendations (for waste 
testing, classification, water environment testing, etc.) re-
quire harmonization together on the lowest cost possible 
basis. Examples presented in this review show that Permit 
limits for WW also vary substantially among different sys-
tems of evaluation in different countries. For pragmatic 
reasons the Authors deliberately limited this Review 
to EU, USA and Canada, but are aware that there are a 
plethora of other test methods used in Pacific Rim Coun-
tries, South America, Africa, Middle East and not least the 
Commonwealth of Independent States including Russia. 
The questions arise – which scoring system or thresholds 
are suitable for correct choice, when toxicity data (L(E)
C50 or TUa, or pTv, LID, etc.) are available from test with 
two or three species – each from different trophic level 
and which samples of WW or LL should be indicated as 
toxic (e.g. see second concluding remark)? 
Thus, the globally unified, low cost, acute toxicity 
testing methods and scoring systems for strict WW and 
LL toxicity control are of primary need. 
concluding remarks
Multiple test methods, models and acute toxicity scoring 
schemes (>50) for WW testing were created in the period 
1982–2014. A significant number of acute toxicity classi-
fication schemes, thresholds, toxicity limit values (TLVs) 
were created in the TUa based scale. Additionally, acute 
toxicity L(E)C50 data can be easily converted to TUa. The 
analysis of these groups gives multi-evidence that ranges 
indicating what is slightly toxic – toxic (0.3–10 TUs) are 
overlapping. This permits comparison and preliminary 
definition of sample (WW, LL) toxicity within many scor-
ing systems. 
On the basis of comparison of the multiple TUa 
based scoring systems and thresholds, it is proposed that 
samples of WW and LL should be considered equally as 
toxic starting from TUa value 0.3 and subsequent deci-
sions for technical management should be undertaken for 
WW and LL equally. Long-term and not cost effective soil 
toxicity testing for LL might be omitted. With experience 
of >30 years of biotesting and subsequent data scoring, the 
aquatic toxicity scoring systems are more elaborated and 
relevant for toxicity evaluation of effluents (including LL) 
discharged to aquatic environment. 
The legacy of >1000 old landfill sites in the fSvBEUS 
is a major issue requiring very urgent resolution. Concern 
is related to variably (if any) treated LL, especially of those 
waste landfills, which are small (and/or medium) size, 
old (i.e. created in 1970–90’s), non-insulated (with high 
density PE) and have no proper leachate treatment (i.e. 
reverse osmosis) resulting in slow discharges to aquatic 
environment.
Authors choice from results (Table 1) is the use of the 
most sensitive early life stages juvenile fish (i.e. fish fry) 
for acute toxicity evaluation of LL and WW. However, the 
reader can choose otherwise. Some of the sensitive biotest 
methods, when algae, invertebrate and fish are used, are 
slow and expensive for routine monitoring as compared to 
analytical chemistry. Hence, having so determined that a 
discharge is toxic, then a target chemical(s) can be rapidly 
and cheaply monitored by analytical chemistry, and thus 
ensure effective environment management.
In view of the gross disparities of biotests and their 
associated scoring systems usage, the open question re-
mains: which species to use in aquatic samples testing and 
data evaluation of landfill leachates in different countries? 
This requires urgent global attention. Hence, the only way 
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forward is for the United Nations Specialist Agencies to 
recommend a global, small set of tests and ideally one only 
scoring system.
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